Introduction
============

It is not uncommon in clinical settings to encounter patients with combined malignant gastric outlet obstruction (GOO) and common bile duct obstruction (CBO). This can be caused by pancreatic cancer, cholangiocarcinoma and ampullary duodenal cancer, as well as a number of other malignant tumors ([@b1-etm-08-04-1173],[@b2-etm-08-04-1173]). Conventional treatment is a surgical bypass procedure, which is associated with significant complications and high mortality rates ([@b3-etm-08-04-1173]). Therefore, since the introduction of the self-expanding metal stent (SEMS), stent placement has become the preferred option in clinical palliative management ([@b4-etm-08-04-1173],[@b5-etm-08-04-1173]). For patients with symptoms resulting in a progressive deterioration in the quality of life and limited life expectancy, treatment is focused on palliation to ensure that quality of life is maintained ([@b6-etm-08-04-1173]--[@b9-etm-08-04-1173]). These symptoms include significant obstructive jaundice, dark urine, itching, severe nausea, vomiting, intolerance to oral feeding and abdominal pain. Endoscopic stent placement is now a standard therapy for the management of biliary strictures ([@b10-etm-08-04-1173]--[@b12-etm-08-04-1173]) and has been well accepted as clinical routine practice in malignant CBO ([@b13-etm-08-04-1173]--[@b15-etm-08-04-1173]), malignant GOO ([@b16-etm-08-04-1173],[@b17-etm-08-04-1173]), malignant duodenal obstruction ([@b18-etm-08-04-1173]--[@b20-etm-08-04-1173]) and malignant colonic obstruction ([@b21-etm-08-04-1173]--[@b24-etm-08-04-1173]). However, few studies on dual endoscopic SEMS placement with the co-existence of GOO and CBO have been published. It is believed that, since extension of the duodenoscope to the duodenal papilla is made difficult by GOO, this practice has become unpopular in clinics. In the present study, our experience in applying endoscopic biliary and duodenal stenting in 17 patients was summarized and the techniques used to obtain a satisfactory clinical outcome were described.

Materials and methods
=====================

Patients
--------

The study was approved by the Ethics Committee of Chao-Yang Hospital (Beijing, China). In total, 17 patients aged 62--87 years, including 14 males and three females, were reviewed. All exhibited GOO and CBO, and received endoscopic biliary and duodenal stent placements between January 2008 and May 2012. Fourteen of the patients had pancreatic cancer, two had cholangiocarcinoma and one had duodenal cancer, all of which were unresectable. The locations of the GOO and CBO are listed in [Table I](#tI-etm-08-04-1173){ref-type="table"}. Patients had clear symptoms of GOO and CBO prior to treatment including skin and sclera jaundice, dark brown urine, lighter stool color, vomiting and abdominal pain. GOO and CBO were confirmed by biochemical tests, computed tomography, magnetic resonance imaging and endoscopy. Improvements in oral intake were monitored using the Gastric Outlet Obstruction Scoring System (GOOSS) ([@b6-etm-08-04-1173]).

Surgical procedure
------------------

Patients were fasted for three days before surgery. The stomach tube was placed for decompression when required to ensure a clear vision of the endoscope. Anisodamine (20 mg; Modern Hasen Pharmaceutical Co. Ltd., Shanghai, China) and diazepam (10 mg; Shanghai Xudong Haipu Pharmaceutical Co., Ltd., Shanghai, China) were administered intravenously for gastric motility inhibition and sedation, respectively, prior to the surgery.

Stages of the surgical procedure are shown in [Fig. 1](#f1-etm-08-04-1173){ref-type="fig"}. The initial step was to establish the duodenal passage. An ultra-slim gastric endoscope (Olympus Corp., Tokyo, Japan) was placed into the gastric antrum or duodenum, reaching to the distal end of the obstruction segment. A Jagwire^®^ guidewire (Boston Scientific, Natick, MA, USA) was then inserted through the endoscope chamber into the jejunum ([Fig. 1A](#f1-etm-08-04-1173){ref-type="fig"}). The obstruction size was measured while the endoscope was pulled out. If the ultra-slim endoscope failed to pass through the stricture segment, the guidewire was inserted from the biopsy channel. A double-lumen catheter was then introduced along the guidewire to the distal end of the stricture. Diatrizoate (30%; Hansen Pharmaceutical Co., Ltd., Hunan, China) was injected through the catheter while the catheter was pulled to the proximal end of the stricture for the obstruction length measurement. The guidewire was then retained and the ultra-slim gastric endoscope or catheter was withdrawn, followed by insertion of an electronic duodenoscope (TJF240; Olympus Corp.) along the guidewire to reach the duodenal bulb, and then insertion of a CRE™ dilation balloon (Boston Scientific) to gradually dilate the duodenal stricture under direct visualization ([Fig. 1B](#f1-etm-08-04-1173){ref-type="fig"}). The ideal expansion would be ≥13.5 mm in diameter to allow the duodenoscope to pass through.

Following a successful dilation of the duodenum, the duodenoscope was then moved forward into the descending section of the duodenum. Papillary intubation and cholangiography were performed, and a guidewire was re-introduced through the catheter to the distal end of the bile duct stricture. With the guidewire, an introducer carrying a biliary WallFlex™ stent (Boston Scientific) with an appropriate length was placed into the common bile duct ([Fig. 1C and F](#f1-etm-08-04-1173){ref-type="fig"}).

The ultra-slim gastric endoscope was then re-introduced into the duodenum, through which a guidewire was inserted into the jejunum. The ultra-slim endoscope was replaced with an ordinary gastric endoscope carrying a duodenal stent (Boston Scientific) into the stricture ([Fig. 1D and G](#f1-etm-08-04-1173){ref-type="fig"}). One end of the stent was placed on the opening of the pyloric side ([Fig. 1E and H](#f1-etm-08-04-1173){ref-type="fig"}).

Postoperative evaluation and treatment
--------------------------------------

Antibiotics were administered for three days after the surgery as a preventive measure. Serum amylase levels were checked 2 h after the surgery and, if normal, a liquid diet was allowed. Postoperative observation was focused on signs and symptoms for upper gastrointestinal complications including hyperamylasemia and upper gastrointestinal bleeding and perforation. No special diet formula was administered if the obstruction symptoms disappeared. Total bilirubin, direct bilirubin, alkaline phosphatase, GOOSS score and nutritional indicators, including triglycerol, albumin and hemoglobulin, were measured on day 7. Telephone follow-up was performed for migration, occlusion, possible procedure- or device-related complications and survival time.

Statistical analysis
--------------------

The statistical analysis was performed using IBM SPSS statistical software version 21.0 (IBM-SPSS, Cary, NC, USA). Paired differences prior and subsequent to surgery were assessed with a Student's t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Postoperative observations
--------------------------

Seventeen stenting procedures were performed successfully on patients with both GOO and CBO in the Beijing Chao-Yang Hospital (Beijing, China) between January 2008 and May 2012 with a success rate of 100%. Adequate clinical palliation was observed, and details are listed in [Table II](#tII-etm-08-04-1173){ref-type="table"}. Improvements in the incidence of spontaneous clinical manifestation were evidenced by the immediate disappearance of vomiting and abdominal pain, as well as the gradual disappearance of jaundice. Serum amylase levels were checked at 2 h after the surgery. The majority of the patients exhibited normal levels, with the exception of three patients who developed transient hyperamylasemia, and who recovered without intervention within 72 h. Minor bleeding occurred only in one case in the duodenal stricture during balloon dilation, and ceased following application of an ice-cold adrenaline saline spray. Biochemical measurements were taken after seven days. Average total bilirubin decreased by 40%, direct bilirubin decreased by 44% and alkaline phosphatase decreased by 60% postoperatively ([Table II](#tII-etm-08-04-1173){ref-type="table"}). The GOOSS score increased from 0.9±1.1 points preoperatively to 2.1±0.7 points postoperatively. These differences were statistically significant (P\<0.01). Nutritional status was found to be significantly improved following the surgery ([Table II](#tII-etm-08-04-1173){ref-type="table"}).

Follow-up
---------

No stent migration was found during the follow-up period. Occlusion occurred in one case at the distal end of the stent after three months due to tumor infiltration or compression. A three-cavity jejunal feeding tube was placed for decompression and nutrition. Restricture was found at the biliary location in two cases due to tumor invasion, which caused obstructive jaundice; this symptom was relieved following percutaneous transhepatic drainage. The mean survival time of patients was 192 days ranging between 70 and 332 days.

Discussion
==========

Surgical treatment, including biliary-enteric anastomosis or gastrojejunostomy, has been traditionally applied in cases of GOO and CBO. However, such traumatic surgery has been associated with serious complications and a failure to increase patient survival rate. For patients unable to tolerate surgery, decompression and enteral feeding tubes have typically been provided as alternative methods ([@b22-etm-08-04-1173],[@b25-etm-08-04-1173]--[@b27-etm-08-04-1173]). In recent years, this traditional approach has been gradually replaced by other minimally invasive approaches. SEMS placement is an approach that has demonstrated advantages and cost effectiveness over the traditional treatments ([@b4-etm-08-04-1173],[@b5-etm-08-04-1173]). In the cases of CBO and GOO, however, few reports have been published regarding dual stents for palliation of these two obstructions. Certain studies used oral duodenal stenting in combination with percutaneous transhepatic biliary metal stent implantation ([@b28-etm-08-04-1173],[@b29-etm-08-04-1173]). The endoscopic procedure with dual stenting should be the first choice for its minimal invasiveness, lower tissue damage, and fewer postoperative complications. Dual stents were successfully installed in the present study in 17 patients with GOO and CBO without any significant complications. The data demonstrated that the procedure was safe and effective, and the quality of life of the patients was significantly improved following the procedure.

Several key elements should be addressed for a successful result in this dual stenting procedure. Firstly, it is very important to establish an endoscopic duodenal corridor. Conventionally, it has been considered that endoscopes cannot reach the duodenal papilla due to GOO. It is difficult for the endoscope to pass through the obstruction without causing complications, such as bleeding, perforation or tumor rupture. The CRE wire-guided balloon dilation catheter has gained traction to overcome this problem by applying controlled radial expansion ([@b30-etm-08-04-1173]--[@b33-etm-08-04-1173]). Guided by the wire, the axis of the balloon can be kept in parallel with the axis of the luminal cavity, thus preventing the tip of the balloon catheter from piercing into the duodenal wall or tumor, which could cause bleeding or perforation. Therefore, the balloon can be negotiated across the stricture, during which appropriate pressure can be gradually applied to avoid any abrupt shearing force, and the center of the balloon can be always kept at the center of the stricture.

Usually, endoscopic retrograde cholangiopancreatography (ERCP) following CRE balloon dilation for the duodenum would be difficult since i) the duodenum space is smaller than the normal duodenum, even subsequent to dilation; ii) the normal structure of the duodenal papilla may have been damaged by tumor invasion; and iii) balloon dilatation may cause tissue edema that further increases the difficulty of recognizing the papilla. Due to the smaller space inside the duodenum, the experience in the present study was that the exposed metal stents inside the duodenum should be ≤10 mm to avoid damage of the contralateral duodenal wall. In addition, since patients often experienced prolonged biliary obstruction that caused the accumulation of higher pressure in the bile duct, extra precaution was taken when the angiography was performed, including the withdrawal of a small portion of bile prior to injection of the contrast reagent, and ensuring only necessary volumes of the contrast reagent were injected.

Finally, duodenal stenting requires precise positioning. A drawback force would help position the stent while it was released from the introducer to keep it within the stricture segment. In addition, great care should be taken to avoid the guidewire penetrating through the mesh of the exposed portion of the biliary stent. X-ray-guided endoscopic guidewire placement cannot precisely determine the guidewire position. Application of the ultra-slim endoscope is much more convenient for guiding as well as observing the procedure of the stent placement.

Although endoscopic biliary metal stenting and duodenal stenting exhibit a minimally invasive character, complications can still be an occasionally serious problem. Major complications include hyperamylasemia, post-ERCP pancreatitis, cholangitis, biliary fistula, bleeding, perforation and migration. Three patients in the present study were observed to develop transient hyperamylasemia (17.6%) and one patient exhibited duodenal bleeding following dilation (5.9%), which is similar to what has been reported in the literature ([@b34-etm-08-04-1173]).

The major long-term complication is stent restricture due to tumor infiltration. Duodenal stent restricture can be relieved by a new stent placement in the original duodenal stent. For common bile duct stent restricture, it is not appropriate to perform ERCP-related processing since the duodenal stent blocks the duodenal papilla. One of the options would be to perform percutaneous transhepatobiliary puncture for biliary drainage, while inserting the guidewire through the drainage into the distal end of duodenum. An expandable balloon of 8--19 mm with the guidewire could expand the duodenal stent mesh so that the mesh could be opened wide enough to allow biliary stent placement. The balloon could also be used to assist the complete expansion of the biliary stent. No clear interference was observed between the duodenal and biliary stents, which is consistent with previously reported results ([@b29-etm-08-04-1173],[@b35-etm-08-04-1173]).

One of the parameters monitored postoperatively in the present study was the nutritional status of the patients. The data showed that levels of triglycerol, albumin and hemoglobulin improved following the surgery, indicating that the nutritional status of the patients did not continue deteriorating. Furthermore, the improvement in the GOOSS score demonstrated the benefit of the procedure for the quality of life of the patients.

In conclusion, endoscopic dual stent placement for combined GOO and CBO is a safe and effective procedure that can greatly improve the quality of life and nutritional status of patients. However, the recanalization of GOO and CBO does not address the cause of the malignant obstruction. With regard to the continued growth and spread of tumors, it would be interesting to explore the possibilities of preventing restricture by local chemotherapy or biotherapy with stenting ([@b36-etm-08-04-1173]).

This study was sponsored by institutional funding of the Beijing Chao-Yang Hospital, 2012.

![Endoscopic and cholangiographic images of malignant strictures and stent placement. (A) A guidewire was inserted through the duodenal stricture with (B) a CRE™ dilation balloon inside the duodenal stricture and (C) a stent introducer with a WallFlex™ stent to the duodenal stricture. (D) The stent was released from the introducer; (E) the duodenal stent was completely placed at the gastric outlet obstruction location; (F) a WallFlex stent was placed into the common bile duct; (G) a gastric endoscope was placed in the duodenum, through which a Jagwire^®^ guidewire was inserted into the jejunum; and (H) dual stents for the duodenal and common bile duct strictures were positioned.](ETM-08-04-1173-g00){#f1-etm-08-04-1173}

###### 

Demographic summary and location of obstructions.

  Parameter                     Value
  ----------------------------- ----------
  Gender (n)                    
   Male                         14
   Female                       3
  Age (years)                   76.6±6.5
  Malignancy (n)                
   Pancreatic cancer            14
   Cholangiocarcinoma           2
   Primary duodenal carcinoma   1
  Location of CBO (n)           
   Distal common bile duct      10
   Mid CBO                      2
   Proximal and mid CBO         4
   Papilla                      1
  Location of GOO (n)           
   Pylorus                      2
   Above the major papilla      5
   At the major papilla         8
   Under the major papilla      1

Total n=17. CBO, common bile duct obstruction; GOO, gastric outlet obstruction. Age is expressed at the mean ± standard deviation.

###### 

Comparison of patients prior and subsequent to the stenting surgery.

  Item                           Prior to surgery   Following surgery   P-value
  ------------------------------ ------------------ ------------------- ---------
  Clinical manifestations (n)                                           
   Vomiting                      17                 1                   
   Abdominal pain                17                 2                   
   Jaundice                      17                 4                   
   Dark urine                    17                 0                   
  Serological tests                                                     
   Total bilirubin (μM/l)        263.4±62.5         157.6±25.1          \<0.01
   Direct bilirubin (μM/l)       233.2±66.5         130.9±27.7          \<0.01
   Alkaline phosphatase (IU/l)   534.2±78.7         216.3±23.3          \<0.01
   Triglycerol (mmol/l)          0.61±0.07          0.68±0.08           \<0.01
   Albumin (g/l)                 32.08±2.15         33.13±1.54          \<0.01
   Hemoglobulin (g/l)            135.60±14.35       145.30±8.44         \<0.01
  GOOSS score                    0.9±1.1            2.1±0.7             \<0.01

GOOSS, Gastric Outlet Obstruction Scoring System. Results are expressed as the mean ± standard deviation.
